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INTRODUCTION
Meat quality is largely influenced by intramuscular fat (IMF) content, which affects sensory properties and nutritional values of meat [1, 2] . Chicken meat with low IMF content would result in an overall lower acceptability by con-female Wenchang chickens as well had higher IMF content as compared to male chickens. Importantly, higher IMF content is always associated with greater inosine monophosphate (IMP), plasma lipid, and fatty acid metabolism related gene expression [8] . Therefore, the dissimilarities in IMF content observed in birds can result from various levels of plasma lipids metabolism.
Adipocyte fatty acid binding protein (A-FABP) is mostly expressed in adipose tissue and has been regarded as the most important candidate gene for IMF deposition [9, 10] . Damon et al. [11] and Jurie et al. [12] both suggested that the best marker of an adipocyte number that can be assessed is probably the content in A-FABP. Ayers et al. [13] reported that A-FABP shuttling could maintain transcriptional activation of peroxisome proliferator-activated receptor-γ (PPARγ ) to play important roles in lipid metabolism and adipocyte differentiation. In chickens, several other genes also have been demonstrated to be involved in the regulation of adipocyte differentiation and deposition, such as fatty acid synthetase (FAS), PPAR-γ , and apolipoprotein B (ApoB) [14, 15] . However, expression levels of A-FABP and other related genes in muscle fiber associated with IMF profile in slow growing breeds have been seldomly reported. It can be hypothesized that plasma lipids content and IMF might be maintained in a certain balance under these gene manipulations. The main objective of the study was to reveal the potential relationship between IMF and serum lipids and related gene expression to identify the possible candidate index for IMF content selection in slow growing chicken breeds, through elucidating the expression profiles of serum lipids, IMF, and lipid synthesis or metabolism related candidate genes A-FABP, Apo-B, and PPAR-γ in Wuhua chicken among different ages.
MATERIALS AND METHODS
All experimental procedures were performed in accordance with guidelines developed by the China Council on Animal Care and Protocols, and were approved by the Animal Care and Use Committee of Anhui Agricultural University, China.
Birds
One-hundred-sixty Wuhua chickens (China Wuhua breeding farm, Anhui, China) from the same batch were used (80 chickens of each gender). All birds were reared under normal conditions of light and temperature at the breeding farm, with one bird in one cage (0.33 × 0.33 m 2 ). From 90 d of age, at each 30-day interval (e.g., 90, 120, 150, and 180 d), 10 birds per gender were randomly selected for sample collection at each time point. Birds were deprived of feed overnight (12 h) and provided with water before they were weighed and slaughtered.
Sample Collection
Two mL of blood were drawn from the brachial vein and the birds were then subjected to euthanasia by cervical dislocation. Blood was collected in an EDTA anticoagulant vacuum test tube, after coagulation at room temperature for 4 hours. The samples were centrifuged at 1,000 g/min for 15 min to separate plasma. The plasma samples were stored at −20
• C until biochemical analyses.
After exsanguinations, one g of muscle was taken from the right side of the breast and leg, respectively, and put into a tube with RNAlater (Qiagen) immediately, and stored at −20
• C for RNA extraction. The eviscerated weight, breast muscle (pectoralis major and pectoralis minor), and leg muscle (deboned thigh and drumstick) were weighed. All weights were determined in grams. The rate of slaughter was described as dressed weight/living body weight × 100%. The semi-eviscerated carcass rate was described as semi-eviscerated weight/dressed weight × 100%. Semi-eviscerated weight means dressed weight except the trachea, esophagus, crop, intestine, spleen, pancreas, gallbladder, and reproductive organs weight. Eviscerated carcass rate was described as eviscerated weight/dressed weight × 100%. The rate of breast muscle was described as breast muscle weight/eviscerated weight × 100%. The rate of leg muscle was described as leg muscle weight/eviscerated weight × 100%. Another 20 g of breast (pectoralis major) and leg muscle, respectively, were collected from the left side and stored in −20
• C for IMF and IMP determination within 30 d after the birds have been slaughtered.
Serum Lipid Measurement
Measurements of very low density lipoprotein (VLDL), low density lipoprotein (LDL), high density lipoprotein (HDL), triglycerides (TG), total cholesterol (TC), and free fatty acid (FFA) were carried out by the ELISA method using an automatic ELISA analyzer (Thermo Multiskan MK3, Thermo Finnpipette, China). The analyzing kits used were EIA06915Ch, EIA05953Ch, EIA05782Ch, EIA06583Ch, EIA06607Ch, and EIA05651Ch, respectively, which were all bought from Wuhan Xinqidi Biological Technology Co., Ltd.
RNA Isolation and Reverse Transcription
Total RNA was extracted from muscle and liver samples using a commercial kit (TransGen Biotech, Beijing, China) according to the instructions from the manufacturer. Ribonucleic acid concentrations were measured by spectrophotometry using a DU 730 (Beckman, Coulter, Inc., USA) and their integrity were checked by electrophoresis. After DNase treatment (Takara, Takara Clontech, Dalian, China), 5 μg of total RNA was reversetranscribed using RNase reverse transcriptase (TransScript R RT/RI Enzyme Mix, TransGen Biotech, Beijing, China) and random primers (Anchored Oligo[dT] Primer [0.5 ug/ul] and random 6 mers).
Determination of mRNA Levels by Real-Time Reverse Transcription
Complementary DNA (cDNA) was synthesized from one μg total RNA using the cDNA synthesis kit (Transcript cDNA Synthesis Kit, Transgene, Beijing, China) according to the manufacturer's recommended protocol. To ensure that there was no possible genomic DNA contamination, negative controls without template for all samples also were prepared by performing reverse transcription without enzyme mix. Each of the cDNA samples was diluted 1:10 prior to quantitative real-time PCR (qRT-PCR), and one μl diluted cDNA was used per qRT-PCR reaction. All qRT-PCR reactions were performed using the iTaq Universal SYBR Green Supermix (Bio-RAD, Laboratories, Hercules, CA). Each reaction consisted of one μl diluted cDNA, one μl forward primer (10 uM), one μl reverse primer (10 uM) (Table 1), 10 μl iTaq Universal SYBR green supermix, and one μl ddH2O. The following PCR conditions were used: 95
• C for 10 min for denaturation, followed by 35 cycles of 95
• C for 30 s, 59 to 60.5
• C (depending on the gene, see Table 1 ) for 30 s, and 72
• C for 30 seconds. After 35 cycles, the reaction volume was held on 72
• C for 10 min, and then at 4
• C for storage. All qRT-PCR was carried out using a CFX96 Touch thermo cycler (Bio-Rad, Hercules, CA). Glyceraldehyde phosphate dehydrogenase (GAPDH) was chosen as a reference. The amplification products for all cDNA were checked by electrophoresis and exhibited the expected size. For each individual sample (n = 10), the cDNA of genes under study was amplified in triplicate in the same run. Each PCR run included a non-template control and triplicates of control and samples. Gene expression was analyzed using the 2 − CT method, and data were expressed as foldchanges relative to the control (which is defined as 1.00). 
IMF and IMP Determination
According to the method introduced in NY/T 821 (MOA, 2004), fat was extracted from breast or leg muscle using a 2:3 methanol:chloroform solution (60 and 90 mL, respectively). A portion of the extracted solution (50 mL) was poured into a beaker, dried at 105
• C, and weighed to determine IMF content, as described by Zhang et al. [16] . In brief, 20 grams of muscle were weighed and dried at 65
• C for 12 h and then at 105
• C for 12 hours. After cooling at room temperature, the dried sample was milled into a fine powder. Two grams of the powdered sample were weighed and put on a filter paper, which had been dried and weighed. The filter paper with sample was put together into an electro-thermal constant temperature dry box and then stood for 8 h at 105
• C. After cooling in a desiccator for 30 min, the filter package was weighed another time and recorded as W1. The filter package was put into a Soxhlet extraction device and extracted for 48 hours. After extraction, the filter package was weighed again as W2 after 8 h at 105
• C and 30 min in the desiccator. The IMF content was calculated according to formula (W1-W2) / W1 × 100%.
Two grams of breast or leg muscle were added to 3.5% perchlorate solution, then homogenized and centrifuged. The supernatant was adjusted to pH 6.0 using 5 M sodium hydroxide and was kept in a 100 mL constant volume. The solution was filtered through a 0.45 μm membrane and was used for IMP determination. To determine IMP content, high-performance liquid chromatography (Waters, Milford, MA) was used. The conditions used for High-performance liquid chromatography (HPLC) were as follows: Supelcosil LC-18-T column (15 cm 4.6 mm ID, 3 μm particles), 15 min mobile phase of 0.1 M phosphate buffer (pH 6.0) and methanol (70:30) (B) in 0.1 M phosphate buffer pH 6.0 (A), one mL/min flow rate, injection volume of 20 μl, and measurement of eluent absorbance at 254 nm.
Statistical Analysis
Differences in levels of gene expression for each of the 3 different tissues, IMP, IMF, and serum lipids, were determined by one-way ANOVA (SAS 9.3 edition) [17] in male and female birds, respectively. Values were expressed as means ±1 standard error. Correlation between level of gene expression and serum lipid, with IMF content, was analyzed using Pearson product moment correlation (SAS 9.3 edition). Significance was at P < 0.05.
RESULTS

Carcass Traits and Meat Production
In male chickens, there were no significant differences observed among all examined indices, including slaughter rate (SR), semieviscerated carcass rate (SE), eviscerated carcass rate (ER), percentage of breast muscle (BM), and percentage of leg muscle (LM). In females, SE was the lowest during d 90 with 78.3% as compared to d 120 and 150 (P = 0.040). The LM was 20.6 and 21.1% at d 90 and 180, respectively, and this was lower than that of chickens at d 120 and 150. There was no statistical difference in SR, ER, or BM in females (Table 2 ). Considering the different rearing stage, body weights were not compared between male and female chickens in this study.
The IMF and IMP Content in Breast and Leg Muscle
In males, the IMF content in breast muscle had no statistical difference (P = 0.616) with a range from 0.9 to 1.78%. The IMF content was lowest with 2.85% at d 90 in leg muscle and then increased to 5.39% at d 120, with the highest level of 6.99% at d 180 (P = 0.010). In females, breast IMF was the lowest at d 90 (0.62%) and peaked at d 150 (2.61%). The leg IMF content was lower at d 120 with 2.63% as compared to the birds at d 150 (6.66%) and d 180 (6.17%) ( Table 3) .
The IMP content in male chickens exhibited no significant difference from d 90 until d 180 in both breast and leg muscle. In females, IMP content was highly correlated with age and gradually increased from 3.58 mg/g at d 90 to 5.59 mg/g at d 180 in breast muscle, and the IMP greatly increased to 1.55 mg/g at d 180 than the former stages with only about 0.5 mg/g in leg muscle (Table 4) . 
Gene Expression in Wuhua Chickens
In male chickens, the A-FABP mRNA in breast was 3.28 and 2.29 during d 90 and 120, respectively, which was nearly half that of d 150 and 180 (P = 0.017). The A-FABP mRNA expression in leg muscle during d 90 to 150 was one-third lower than that of birds at d 180 (P < 0.0001). In females, A-FABP mRNA expression in breast had no statistical difference during inspection time points, while in leg muscle, the A-FABP mRNA was expressed higher at d 120 and 180 as compared to d 90 and 150.(P = 0.0009) ( Table 5 ).
The mRNA expression levels of Apo-B in breast muscle remained at the same level in male and female birds, while in leg muscle, the mRNA expression of Apo-B was first significantly increased from d 90 to 150 (P = 0.0005), and then decreased to the original level of d 120 (male) or to d 90 (female) ( Table 6 ).
The mRNA expression of PPAR-γ in male breast muscle increased from d 90 at 2.08 to d 150 at 5.40, and then decreased to 1.26 by d 180 (P = 0.002). There was no significant change detected in male leg muscle (P = 0.095). In females, the mRNA expression of PPAR-γ in breast muscle also showed significant increase from d 90 at 1.85 to d 150 at 4.77, and then numerically decrease to 3.47 by d 180 (Table 7) .
Blood Plasma Lipid Parameters
There was no statistical difference in VLDL, LDL, HDL, TG, or FFA serum indices in males. (Table 8) .
Correlation Analysis Between IMF Content with Serum Lipid Content and Gene Expression
From the correlation analysis between IMF content and serum lipid content (Table 9) , it is suggested that there was high correlation between breast IMF and plasma TG level in both males (P = 0.032, r = 0.914) and females (P = 0.033, r = 0.910). Higher plasma HDL and FFA levels also were associated with higher IMF in female breast muscle (P = 0.024, r = 0.952; P = 0.037, r = 0.928). In analyzing the Male Breast P = .229 P = .265 P = .087 P = .032 P = .219 P = .291 P = .697 P = .496 P = .936 r = .595 r = .540 r = .834 r = .914 r = .610 r = .503 r = .092 r = .254 r = .004 Leg P = .798 P = .766 P = .403 P = .956 P = .024 P = .694 P = .239 P = .547 P = .671 r = .041 r = .055 r = .357 r = .002 r = .953 r = .109 r = .579 r = .205 r = .108 Female Breast P = .327 P = .529 P = .024 P = .033 P = .456 P = .037 P = .394 P = .838 P = .065 r = .453 r = .222 r = .952 r = .910 r = .296 r = .928 r = .368 r = .026 r = .875 Leg P = .532 P = .164 P = .547 P = .299 P = .820 P = .669 P = .605 P = .596 P = .208 r = .219 r = .699 r = .206 r = .491 r = .032 r = .109 r = .156 r = .163 r = .628 correlation between IMF and lipid synthesis related genes, there was no statistical significant correlation detected (P > 0.05). However, higher mRNA expression of PPARγ was slightly associated with higher IMF content (P = 0.065, r = 0.875).
DISCUSSION
In China, cultural differences on choice of cuisine and long-term selection resulted in the small body size, thinner bones, and tender meat chicken breeds [18, 19] , which caused differential slaughter time to adapt to various cooking methods. Wuhua chicken, a Chinese indigenous breed, has been incorporated into "Animal Genetic Resources in China-Poultry," which also originated from regional long-time selection. The characteristics of Wuhua chicken are commonly shared among most kinds of Chinese native breeds. The expression of lipid metabolic related genes and plasma lipid profile during the time points detected in this experiment represented the change of most Chinese indigenous breeds.
We detected a significant decrease of SE in female chickens. As females approach sexual maturity, the immature ova begin growing at a rapid rate [20] . The decrease of SE might be because of the rapid growth of ovaries by 120 d of age. The LM percentage reached the highest level during 120 to 150 d of age, indicating that female chickens approached their adult body weight after 120 d of age. Because of the high laying pressure, the LM then decreased at 180 d of age.
There are no uniform standards for evaluation of meat quality so far. Intramuscular fat and IMP are usually considered as important indicators in evaluating meat quality [21] [22] [23] . In order to decide the precise marketing time for Wuhua chicken and also identify the potential markers for selection of IMF and IMP, we analyzed the IMF and IMP content, and also lipid synthesis related gene expression levels from 90 to 180 d in Wuhua male and female chickens. It is reported that serum VLDL can be used as a selection marker for IMF content [24] . Therefore, we further analyzed serum lipid content and correlated with the IMF content and related gene expression to further examine the usable serum lipid markers for IMF selection.
The pattern of fat deposition in broilers has been widely researched, and VLDL has been repeatedly shown to be one of the indicators for fat deposition. Whitehead and Griffin used plasma VLDL as an indirect indicator for abdominal fat deposition and successfully bred 2 broiler lines, fat-and lean-line [25] . Griffin et al. proposed that a low rate of VLDL secretion would contribute to improved efficiency of protein utilization [26] . It is mentioned that the fat deposition rate also was affected by plasma TG, and the growth of adipose tissue and finishing was highly dependent on plasma TG concentration. Griffin et al. demonstrated that only 6 to 7% of triglyceride was taken up by fat tissue and thus accounts for about 80 to 85% of the total fatty acids accumulating in that depot [27] . In this study, plasma TG concentration was time dependently increased in female chickens and further promoted the VLDL secretion. Greater plasma TG was always associated with higher IMF in the breast muscle of chickens. Therefore, it might be more accurate to conjecture the IMF content in breast muscle by using TG concentration as the indicator, while VLDL might be used in indirect selection on abdominal fat deposition.
It is clear that LDL transformed from VLDL and rich in cholesterol mainly participates in liver endogenous cholesterol synthesis and positively correlated with plasma TC concentration [28] . In contrast to LDL, the main function of HDL is to transport blood TC back to the liver, then the increase of plasma of TC would promote an elevation of plasma HDL. Plasma TG is usually synthesized by fatty acids and then assemble to VLDL. Therefore, it is clear that plasma TC concentration would be negatively correlated to TG and VLDL [29, 30] . In addition, HDL and LDL, two storage modes of TC, would also be negatively correlated with TG and VLDL.
The complex process of fat deposition might be influenced by heredity, nutrition, environment, etc., and the synthesis and metabolism is usually kept in a dynamic balance [31, 32] . Apolipoprotein B, as the key factor for triacylglycerol secretion, coordinated with fatty acid synthase binding to TG, TC, and cholesterol for promoting synthesis of VLDL, thus completing the transportation of fatty acids [33] . A-FABP, which also coordinately functioned with Apo-B, can be combined with long chain fatty acid and transport it to the phospholipid and triglyceride synthesis location, accordingly helping to complete the VLDL assembly and transportation [8, 34, 35] . Adipose tissue PPAR-γ is mainly responsible for regulation of fatty acid storage and release, and also promotes adipocyte differentiation and deposition. Expression of PPAR-γ can also induce the expression of fat metabolism related genes, such as A-FABP or Apo-B [36, 37] . Fatty acid synthesis needs many genes coordinately regulated in birds. In our research, the high expression level of PPAR-γ in breast muscle was associated with a relatively high content of IMF in female chickens. So, PPAR-γ might be considered as a potential candidate gene for IMF selection in female chickens.
CONCLUSIONS AND APPLICATIONS
1. Breast and leg muscle showed different IMF and IMP deposition periods and also different lipid metabolic related gene expression patterns. Therefore, it is better to get males and females on the market separately, with males around 100 d of age and females at 120 to 150 d of age. 2. Plasma TG should be considered as an important indicator for lipid deposition in chicken breast muscle. 3. According to the slight association of PPAR-γ and IMF content, PPAR-γ might be used as a candidate gene for breast muscle IMF content selection.
